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 |}vx­s  W~[y  d @ tu|}y  ^dI ² ~oqn}vdx a d	~xªyKx­do{~&npszxUdxvsUe}rwdxNdrq
oqnpowxNo{yzrqow¹RdRè® `ba dbvsUn}~x  |CvxNs  S~$y  d[sUnprw	d¼xNdnC^dRxNshvyzrqr;x a d 
8{ &	Dx6y*efdx a s^  oqt a xFd§¸s  d dx­|  npown}t}®M7ën}^ddI ² yzx*x a oq~P~xªyztudbx a d%~x­yzxNdo{~*vsUefprwdxNd%yun}x a dowefprqdefdRnUxªyKx­owsUn¬vs ­ dR~NCsUn}^oqnpt
x­sx a o{~oqnpoýx­oqyur$~x­yKx­dhefy¯Cd~NdrqdRvxNdR(®
F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V dnpsK©   dR~Ndn;xyvsUe}rwdxNdd¼pyzefprqd ² © a d  d1Csux a x a d }rqd1sU^dRvxhyun}¶x a doý«Enps^^dsu^dIvx	y  d
~NFdRvo{yzrqoq¹dR(® `ba dd¼pyzefprqd~ a sK©~ a sK© x a d¬x©&s?~NCdIvo{yzrqow¹IyKxNoqsunC~y  d 0%H1,K² ; ^d }npoqnpt?y
  dI^oqvRyKx­dsun?npsunp«Xrqs^vyzr
~x­yzxNd ² yun}°¶  dR~Nd  own}t¬oýxª~hKyzrqoq^owx°yKx  |pn°x­owefdu®27Exhyurq~NsvsKud  ~%x a d
|C~dhsz§  |pn^«XxNoqedh  dRpoqvRyKxNdI~yzn}Tyzn´d¼^yuefprwdhsu§+oqn}v  defdRnUxªyzrè~NCdIvo{yzrqow¹IyKxNoqsun$®`ba dTs  oqtuoqn}yzrb^d Cnpoýx­owsUn su§%x a d }rqd´^dR~­v  owpxNs  o{~1tUowUdn¦oqn }tu|  dmUu®¦ }rqdT^dI~Nv  oq^x­s  oq~
v  dIyKx­dR¥dRyUv a xNoqefdy }rqdo{~1suFdnpdIè® `ba dT^dR~­v  owpxNs  vsun;xªyzoqn}~y  d§¸d  dRn}vd¬xNs°x a dvs ­ dI~Fsunp«
cTc!ßedfIîî!g
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pownptTow«Xnps^^d ² yzn?suFdnpoqnpt´efs^^d W© a o{v a vRyznpnpsuxFdfefs  d1Fd  efoq~­~oqud1x a yzn?x a d#yuvRvdI~N~efspdsu§
x a doý«Enps^^d  ² x a dfv| ­ dn;xFsU~Noýx­owsUnmoqn°x a d Crwd ² yun}my  d§¸d  dn}vd1vsu|pn;xNd  WownC^oqvRyKx­ownpt a sK© e#yzn
  s^vdI~N~NdR~%y  d|}~Nownpt¬x a d }rwd® *y  oqyuprwdI~&  {¬yun}Sz{&u )¬npdUd  v a yznptUdyK§¨x­d  x a d }rwd1oq~suFdn}dRè®
 *y  o{yz}rwd {Pv ´vyznsun}rw¶Fd#v a yznptUdRmoý§Px a d }rqdfoq~	^|}prwo{vyzxNdI Wedx a s^ uv&wx6y®N7ën  yuvxNo{vd ²
x a o{~suFd  yKx­owsUno{~d¼^dRv|^xNdI;|powxNd  y  drqu® `ba d }rqd	FsU~Noýx­owsUno{~oqn}v  defdn;x­dRTyKxdUd    dIyuè®`ba d~NCdIvo{yzrqow¹IyKx­owsUn§¸s  x a doý«Enps^^d&oq~+x a d~Nyuefd&yU~  dR;oqsu|C~rqu®+ps  x a d }rqd ² x©&s~NFdRvo{yzrqoq¹RyKx­owsUn
~x­yutudI~&y  dh^d }npdR ² yu~^dI~Nv  oqFdRown }tu|  dfIgp® `ba d   ~x~xªyztUd S~FdRvoqyurwoq¹RyzxNoqsun´vr{yu~­~  )	&u*$ &'*) 
pd }npdI~
yznsuFdnf^o{~!8 }rwdU³(x a d  dR^o{vyzxNd&sun1x a defs^^dboq~[y  |pn^«XxNoqefdb  dI^o{vyKx­d ² ~Noqn}vdbowx a sur{p~§¸s 
yunKyzrq|pdu® 7ën§Wyuvx ² yznsuFdn#efs^^dbx  oqtutUd  ~7|}~d§¸|pr}~NCdIvo{yzrqow¹IyKx­owsUn(® *y  o{yz}rwd &  {	o{~  dI^d CnpdR1xNs
Fd&sz§F~NFdRvo{yzrqoq¹RyKx­owsUnvr{yu~­~  )	&u*$ &'*)   {u )C® `ba |C~ ² owx  dIU|}o  dR~$x a dbvs N dR~NFsun}^oqnptoý«Enps^^dPxNsCdboqn
~NFdRvo{yzrqoq¹RyKx­owsUn¶~xªyKxNd  )	&u*$!&('*)   {&u )C®+~%y  dR~N|prwx ² ~NCdIvo{yzrqow¹IyKx­owsUn a yzpFdn}~%own;x­d  «X  s^vdI^|  yzrqrw ²
x a yKxho{~ ² npsuxsUnprq´ps;dI~x a d  dIyu¶efdx a s^°su§*x a d }rqdsu^dIvxhtudx	~NCdIvo{yzrqow¹RdR ² p|^xyurq~Ns¬x a d  dRyU
efdx a s^°su§
x a d1de1CdIp^dRmoý«Enps^^d1su^dIvxR® 7ënmsU|  d¼^yuefprwd ² x a d~FdRvoqyurwoq¹dI¶ud  ~NowsUn¶drqowefoqn}yKx­dR~
x a dyuvRvdI~N~PxNdI~x%yun}own^«ErqownpdI~bx a dvyzrqr9xNsfx a dW~NFdRvo{yzrqoq¹dR [ow«Enps^^d ~  dRyuefdx a s(®`ba d~dIvsUn}¶~FdRvoqyurwoq¹RyzxNoqsun¶~x­yztUd	§¸s  y }rqd1yUpp~%y¬npd© vsun}~x  yzoqn;xR³*x a d1poq~8 }rwd1~ a sU|pr{¶Cd
yUvvdR~­~dId¼^vrw|C~oqudRrw¬sunpd	  s^vdI~N~R® 7ënTx a oq~vyu~Nd ² x a d  dRyUefdx a s^´o{~dUdn¶~oqefprqd I² CdIvyu|}~d
x a d1vsun}v| ­ dRn}v´vsUn}~x  yuown;xª~sun°x a d }rwdrqdudRrvRyzn°Fd1oqtun}s  dRè® `ba d  d§¸s  d ² x a d 
    { & )&u
  yun}v a o{~  defsKudI¬oqnx a d~NCdIvo{yzrqow¹RdRud  ~NowsUn(®` s 8uddR¬x a d	~FdRvoqyurwoq¹RyzxNoqsun~x­yzxNdI~&vs a d  dRn;x&Fdx©&ddRn¬x©&s1oqn;xNd  «ë^dFdn}pdn;xsu^dIvx­~ S~|}v a yu~
x a d }rqdyznCowx­~oý«Enps^^d  ² x a d  d	oq~y#~Noqe}rwd	  szx­s^vsurèFdx©&ddRnTx a d	x©&sfsu^dIvxª~oqy1x a d &v	
 '*)
oqn;xNd  §WyUvdS~dRd }tU|  dP ®+[yUv a e|^xªyzprqd[sU^dRvx ² ~|Cv a yu~(x a d&oý«Enps^^d ² e#yuown;x­yuownC~$yrqo{~x+sz§  d§¸d  dnCvdR~
x­s#szx a d  e1|^x­yuprqd	su^dIvx­~© a oqv a ^dRCdRn}´sun´owx­~~x­yzxNdU® V a dRn°y Crwdo{~vsunpnpdIvx­dRxNs¬yunTow«Enps^^d ²
yunyU~N~NowtUnpefdn;x+xNshoýxª~ &  {Ky  o{yzprqd ² x a d }rqdbpdRvr{y  dR~+owx­~Ndrw§FyU~
yvrwoqdn;x
sz§Cx a dow«Xn}spdPsU^dRvx ² 
oqnusF8;oqnpt%x a d&  { 
 	x6y*efdx a s W~Ndd }tU|  dJG ® `ba d &  {	 
	xUy[edx a s^  dRvs  }~
x a d }rqdoqn¬yhrwo{~x[sz§(vrqoqdn;x­~
¸Ky  oqyuprqd 

 ' &)   ® PsUn}~NdR;|pdn;x­rw ² ow§è~Nsuefd  dI^oqvRyKx­dR~
oqn#oý«Enps^^d^s
n}szx a sUrqyznes  d ² x a d }rqd%sU^dRvx[oq~[npszx­o CdR %
 { & 	 x6yèx a yKx&oýxª~[ow«Xn}spd%vyunpnpszxPCd|}~dI§¸s 
~NFdRvo{yzrqoq¹RyKx­owsUn¬yznefs  du®-°dx a s 
 { & 	 x6yownC~FdRvx­~[x a dv| ­ dRn;xP~xªyKx­d%sz§èx a d Crwd ² oqn}vrw|}pownpt
x a d1~x­yzxNdsz§
x a d1ow«Enps^^d	i ´vRyzrqrwoqnpt &  { 
  
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 yyurwrqsK©~y°vrwoqdn;xx­smv a dIv8?ow§y¶e|^xªyzprqdsU^dRvx a yU~yKxrqdRyU~x  dIyuv a dIy
tUowUdn¶~NCdIvo{yzrqow¹IyKxNoqsun°~x­yzxNdU®oqn}yurwrq ² © a dn?y }rqdo{~%vrqsU~NdR ² owxoqn;Us98UdR~&  { 
 ) 	x6y ² © a o{v a
pdrqdxNdI~&x a yzx }rqdh§  sUe x a d 

 ' & ) frwo{~xR®
$dx[|}~[d¼pyzefoqnpd a sK© x a d%© a sUrwdd¼^yuefprwd%©Ps  8^~7©owx a y	~Nowefprqde#yzoqn#  sut  yue  }rqd ~rz 	 &  xUy
efdx a s^  ² yU~f~ a sK©n oqn Ctu|  d?Uu® `ba d´  sut  yue v  dRyKx­dR~fyzn ow«Xnps^^dT§¸s  ypoq~8 }rqd ² oqnpoýx­oqyurwrq
©owx a´ dRyUb|¯©  oýx­d%Fd  efoq~­~oqsunC~ ² yun}sUCdRn}~y }rqd	su^dIvxsunx a o{~ow«Xn}spdoqn  dIyu«Esunprq#efs^^du® `ba d
vsun}~x  |}vxNs  ~1§¸s  Fszx a su^dIvx­~foqn}~NCdIvx¬x a do  ~x­yzxNdR~R® `ba d¶ow«Xn}spd°~dRrwdIvx­~#x a d¶tUdnpd  o{vTowefprqd«
efdRnUxªyKx­owsUn ² CdIvyu|}~d¬x a d´yuvRvdR~­~Fd  efoq~­~NowsUn}~y  dnpszx  dIyu«Esunprqu® `ba d }rqd´~dRrwdIvx­~x a dTtudRnpd  o{v
oqefprqdefdn;x­yzxNoqsunxNss ² CdIvyz|C~dhowx­~ow«Xn}spdo{~npsuxown¶~x­yKx­d  )	&u*$ &'*)   {u )C®
§¨xNd  ©by  p~ ² x a d´yuvRvdR~­~1Cd  efo{~N~NowsUn}~sz§x a dToý«Enps^^d´y  dTv a yunptudI¥xNs  dRyu^«XsUnprwU® L ownCvdTx a d
yU~N~Noqtunpefdn;x9xNsx a dz{&u )bKy  oqyuprwd
o{~ètU|}y  ^dR ² x a d*  dR^o{vyzxNd*^d }npdRhsUn(z{&u )bo{~(v a dIv8udR(® } dRvyu|}~Nd
owxhnpsK© a sur{p~ ² x a doý«Enps^^d1su^dIvx	~©owx­v a dI~x­sy  )	&u*$ &(' )   {&u )1oqefprwdRefdn;x­yzxNoqsun ² yun}¶npsuxNo}dR~
x a d Crwd1su^dIvxR® `ba d }rqdnpsuxNo{vdI~x a yKx%x a dow«Enps^^do{~npsK©~NCdIvo{yzrqow¹RdR ² yzn}m~©owx­v a dI~%^o  dRvx­rwxNs







+oqn}yzrqrw ² y uv wx6y¶suFd  yKxNoqsun yzp}rwoqdR xNs¥x a d }rqd´x  owtUtud  ~fyzn |pn^«ë~NCdIvo{yzrqow¹IyKxNoqsun sz§x a d }rwd
|} xNsmx a d  )	&u*$ &(' )°~FdRvoqyurwoq¹RyzxNoqsun¦vr{yu~­~R® V a dRn¦x a dow«Xn}spd  dxN|  n}~xNsy  dRyu^«X©  oýx­d¬efs^^d ²
Fszx a sU^dRvx­~  dxN|  n x­smx a dtUdnpd  o{v¬oqefprqdefdn;x­yzxNoqsun(³   ~x1x a dToý«Enps^^dTsu^dIvx ² yzn}¦x a dRn ² 
  sU}yzt;yKxNoqsun ² x a d }rqd	su^dIvxbxNss}®
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V a dn y?~FdRvoqyurwoq¹RyzxNoqsun¦vrqyU~N~^d CnpdR~y  |pn^«XxNoqefd  dR^o{vyzxNd ¸rqo8Ud¬x a d  dRpoqvRyKxNdsun x a dTes^^d
oqn¥y  )	&u*$!&('*)  ² x a d¬~FdRvoqyurwoq¹dImoqefprwdRefdn;x­yzxNoqsun}~§¸s  x a o{~vr{yu~­~hvyunpnpszx	Fd#tudRnpd  yKx­dR°Fd§¸s  d
d¼^dRv|pxNoqsunTCdIvyz|C~dx a d	  dIvo{~d	vsun}~x­yunUxKyzrq|pdI~y  dn}szxD8npsK©noqn¶yu^Kyun}vdU®
7ën vsUn;x  yu~x ² vsuefpoqrwd«Sx­owefdf  dR^o{vyzxNdR~	vRyznCdd¼^prqsuowxNdR?dowx a d  yzx	vsuefpoqrwdfx­owefd#s  yKx  |}n
x­owefdU® ,~|Cyzrqrw ² vsuefpoqrwd«Sx­owefd~NFdRvo{yzrqoq¹RyKx­owsUn¥oq~  d§¸d ­ dICdIvyz|C~d#owx^sdI~	npszx1own}v|  x a d  |pn^«
x­owefd´vs^^dtudn}d  yKxNoqsun¦vsU~xR®±sK©&dud R²+ |pn^«XxNoqed´~NCdIvo{yzrqow¹IyKxNoqsun e#y¯ a y¯Ud¬szx a d  yu^KyunUxªyztUdR~R®
}s  d¼pyue}rwd ² ow§~NCdIvo{yzrqow¹IyKxNoqsun vr{yu~­~dI~fy  d´pd }npdI¦§¸s  ytuoqudn  ssux#vrqyU~N~ ² ~NFdRvo{yzrqoq¹RyKx­owsUn
yzxvsUefpowrqd	x­owefd a yU~x­s~FdRv|pr{yKxNoqudRrwtudRnpd  yKx­d owefprqdefdn;xªyKxNoqsunC~®  |pnp«Sx­owefd1~NFdRvo{yzrqoq¹RyKx­owsUn
tUdnpd  yzxNdI~PsUnprq¬x a d	owefprqdefdn;xªyKxNoqsunC~|}~NdRTyKx%yftuoqudRnefsUedRn;xR®**owx a d  v a ss;~oqnptfvsuefpoqrqd«XxNoqed
s [ |pn^«XxNoqefd~NCdIvo{yzrqow¹IyKx­owsUn#oq~by	x  yU^dsTFdx©&ddRn#xNoqefdyun}¬~N}yuvd9O;x a oq~bv a sUoqvdoq~&|}~N|}yurwrq#  oqudRn
x a dyupprqoqvRyKxNoqsun$®+~*d¼^pr{yzoqnpdI1FdrqsK© ² sU|  ~Nsurq|^xNoqsun#vsUn}~Noq~x
sz§è|}~Nownpty	pd§Wyz|}rýx*Fd a y¯oqs I² yznC
  sKo{^d%x a d	|}~Nd  ©owx a ^dIvr{y  yKxNoqsunT~|}pCs  xx­sfsKud  ©  oýx­dowxR®
º|  vsUe}owrqd  vsuefp|pxNdR~*§¸s  yzn1~NCdIvo{yzrqow¹IyKx­owsUn¬vr{yu~­~*y 1Ba
 J60# yKxx  oqp|^x­d ² © a o{v a
vRyznFd[dRoýx a d + |pn^«XxNoqedPs 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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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